Abstract-The purpose of multi-focus image fusion is gathering the essential information and the focused parts from the input multi-focus images into a single image. These multifocused images are captured with different depths of focus of cameras. Multi-focus image fusion is very time-saving and appropriate in discrete cosine transform (DCT) domain, especially when JPEG images are used in visual sensor networks (VSN). The previous works in DCT domain have some errors in selection of the suitable divided blocks according to their criterion for measurement of the block contrast. In this paper, we used variance of Laplacian (VOL) and energy of Laplacian (EOL) as criterion to measure the contrast of image. Also in this paper, the EOL and VOL calculations directly in DCT domain are prepared using vector processing. We developed four matrices which calculate the Laplacian of block easily in DCT domain. Our works greatly reduce error due to unsuitable block selection. The results of the proposed algorithms are compared with the previous algorithms in order to demonstrate the superiority of the output image quality in the proposed methods. The several JPEG multi-focus images are used in experiments and their fused image by our proposed methods and the other algorithms are compared with different measurement criteria.
I. INTRODUCTION
Image fusion is used to gather special and necessary information from multiple images into fewer images or preferably a single image. The fused image includes all important information from the input images, ideally, and it's more accurate explanation of the scene than each input images.
Due to limited depth of focus in cameras, it is difficult to capture an image that all components be obvious in it. This issue occurs in optical lenses of CCD/CMOS cameras [1] . Therefore, some parts of the captured images with camera sensors in visual sensor network (VSN) are blurred. In VSN there is capability to record images with different depth of focuses using several cameras [2] . The camera generate large amount of data compared to the other sensors such as pressure and temperature sensors. Also there are some limitations such as limited band width, energy consumption and processing time, which leads us to process the local input images for decreasing the amount of transmission data [3] . Therefore many researchers are seeking efficient methods for multi-focus image fusion.
Several multi-focus image fusion researches have been done in the spatial domain [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The simplest methods in the spatial domain used a weighted arithmetic mean of the source image pixels intensity [14] . This method is associated with an image blurring and decreasing the image contrast. Multi-scale image fusion methods are very common and convenient. The Laplacian pyramid transform [15] , gradient pyramid-based transform [16] and the premier ones, discrete wavelet transform (DWT) [17] and shift-invariant wavelet transform (SIDWT) [18] are some examples of image fusion methods based on multi-scale transform. Because of computational complexity in multi-scale methods, they need more processing time and energy consumption. Also image fusion methods based on discrete wavelet transform need a large number of convolution operations. In addition, due to creating ringing phenomena in edge place of image, quality of the output image is reduced.
Because of aforementioned problems in multi-scale transform based image fusion methods, the researchers tended to multi-focus images fusion in DCT domain. The DCT based methods have simple calculation and are suitable for implementation in real-time applications when images are compressed in joint photographic experts group format (JPEG) [19] [20] [21] . Tang [22] proposed two image fusions techniques DCT+Average and DCT+Contrast. These methods have undesirable side effects on the output images like blurring and blocking artifact which reduces the quality of the output image. Haghighat et al. in [19] introduced the multi-focus image fusion method based on variance in DCT domain (DCT+Variance). This method divides the input images into 8×8 blocks and then creates a merged output image by selecting the corresponding blocks which have larger variance value as a criterion for evaluation of image contrast. In [23] Phamila introduced a method called DCT+AC-Max. This method selects the blocks which has more number of higher values AC coefficient in DCT domain. This method can't always choose the blocks properly, because the number of higher valued AC coefficients as a fusion criterion is invalid when the majority of AC coefficients are zero. So it makes a mistake in selection of the proper focused block. The DCT+SF method in DCT domain is introduced by Cao et al [24] . This method selects the block with higher value of the spatial frequency which is computed for each block. Although these methods (DCT+Variance, DCT+AC-Max and DCT+SF) have advantages over the previous methods, due to selection the unsuitable block from input images, the quality of the output image is reduced.
In order to improve the quality of the output fused image, new image fusion methods in DCT domain are presented in this paper. These efficient methods are based on energy of Laplacian (EOL) and variance of Laplacian (VOL). In multifocus image fusion process, EOL and VOL are suitable criterions for measurement the contrast of image. The multifocus image fusion using EOL is introduced in the spatial domain [7, 9] . But multi-focus image fusion methods based on DCT domain are more favorable and more useful for VSN and real-time applications. So in this article, we calculate the EOL and VOL in DCT domain using vector processing and they are used as a criterion for measure the contrast of the given image. The proposed methods increase the quality of the output image substantially.
This article is organized as follows: In section 2, the EOL and VOL calculations in DCT domain are introduced. The proposed methods are explained in section 3 and it is compared with the previous algorithms using different experiments in section 4. Finally conclusions are presented in section 5.
II. PROPOSED METHOD
Two-dimensional DCT transform of N×N blocks of the image b(m, n) and its inverse DCT using vector processing are given as (1) and (2), respectively.
where C and C t are orthogonal matrix consisted of the cosine coefficients and the transpose coefficients, respectively. B is the DCT coefficients for image's matrix of b. For C, we have:
A. EOL Calculation In DCT Domain
Energy of Laplacian (EOL) measures the image border sharpness and it's calculated by (4) in the spatial domain [9] . 
b xx + b yy can be computed with convolving mask (6) on 8×8 block. The size of mask (6) is 3×3 and the output matrix from convolution of the mask on the block is a 6×6 matrix. Also the EOL value is computed by the sum of the squares of 6×6 matrix elements.
The 6×6 output matrix can be equivalent with the definition of four matrices which their multiplication on 8×8 block results in relation (5).
We are defining m, n, d and e matrices as below: and (6) q=m.b.n , p=d.b.e
Energy of Laplacian (4), as the sum of entry-wise products of the elements, can be rewritten by the trace of a product by (8) .
where m, n, d and e are matrices that result in (5).
Defining:
p and q can be defined as:
From (8), (9), (10) and (11) we can find Q and P in DCT domain as (14):
In other word, the Laplacian of block in DCT domain is computed as (15):
When b is a matrix of the block values and B is its DCT, we have:
The EOL in DCT domain can be written as (17) using (8) and (16) .
EOL DCT = trace((Q + P)(Q + P) t ) = trace((Q + P)(Q t + P t ))
where P and Q, according to (9) , are DCT of q and p, respectively.
Finally, EOL in DCT domain for B (DCT representation of 8×8 block) is calculated by combining (14) and (17):
B. VOL Calculation In DCT Domain
Variance of Laplacian (VOL) of image is calculated in spatial domain as (19) :
where μ is mean value of Laplacian of the block.
Haghighat et.al in [19] computed the variance of 8×8 block in DCT domain is as ( 
C. Block Selection
For a simple description of the proposed algorithm, two images A and B are considered. The proposed image fusion process could be extended for more than two images. It is assumed the input images were aligned by an image registration method before performing the image fusion process. The general structure of the proposed method for two images fusion is shown in Fig.1 .
The region of the focused image has more information and high contrast. Subsequently this region has more raised and evident edges. The amount and intensity of edges in image is used as criterion to specify the image quality and contrast. Energy of Laplacian and variance of Laplacian are the appropriate measures to show the amount of edges in image. Therefore, the block of image which comes from focused area has higher EOL or VOL value than the block of the unfocused area. The proposed method divides the input images into 8×8 blocks. In next step, DCT coefficients of each block are calculated. The first input block and the second one are named as imA and imB, respectively. Then EOL or VOL value is computed for every block in DCT domain. Block with higher EOL or VOL value is represented as focused area and it is selected for the output fused image. The proposed algorithm makes a decision map X(i,j) as (22) by 
Fig. 2. Standard test images used for simulation
For X(i, j) = 1, the block of imA is selected for output fused image. Subsequently for X(i, j) = −1, the block of imB is selected.
D. Consistency Verification (CV)
Suppose the central block of an area among selected blocks for fused image comes from image B, but the majority of neighboring blocks comes from image A. It means that the central block should belong to image A. Li et al. used the majority filter for consistency verification [17] . The central block replaced by the corresponding block from image A using a majority filter which is applied on decision map M(m,n). Therefore the consistency verification (CV) is applied as a post-processing after image fusion process to improve the quality of the output image and reduce the error due to unsuitable block selection.
III. EXPERIMENTAL RESULTS AND ANALYSIS
This section discusses the performance of the proposed method and exhibits the results of simulation for the proposed method and also the other methods for comparison. The results of simulation for the proposed method compared with the results of the previous methods such as the methods which are based on multi-scale transform like DWT [17] and SIDWT [18] , and the methods based on DCT domain like DCT+Average [21] , DCT+Variance [19] , DCT+ AC_Max [23] and DCT+SF [24] . The used test images in simulations shown in Fig.2 For assessment of the proposed algorithm and comparing it with the previous algorithms, evaluation performance metrics of image fusion are used. The structural similarity (SSIM) [28] and Mean-squared error (MSE) [29] are used as metrics that needs the ground truth image for the referenced images. The total information transferred from source images to the fused image (Q AB/F ), the total loss of information (L AB/F ), noise or artifacts added in fused image due to fusion process (N AB/F ) which provided by Petrovic [30] , and feature mutual information (FMI) [31] are used for the non-reference images which their ground truth image is not available.
The first experiment conducted for applying the proposed methods and the other methods on 12 pairs of artificial multifocus images generated from six images depicted in Fig.2 IV. CONCLUSION Two new multi-focus image fusion methods in DCT domain based on energy of Laplacian (EOL) and variance of Laplacian (VOL) were introduced in this paper. We calculate EOL and VOL directly in DCT domain using vector processing. Considering EOL and VOL as a measurement of image contrast in multi-focus image fusion process caused better results compared with the previous works. Also due to simple implementation of the proposed algorithms in DCT domain, it is appropriate for using in real-time applications. Accuracy of the proposed methods is assessed by applying the proposed algorithms and the others on the several referenced images and one non-referenced image by evaluating the results with the various performance metrics. The results show superiority of the output image quality for the proposed algorithms comparison to some precious algorithms.
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